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ABSTRACT
UNDERSTANDING OCCLUSION INHIBITION: A STUDY OF THE VISUAL
PROCESSING OF SUPERIMPOSED FIGURES
FEBRUARY 2009
DESTINEE L. CHAMBERS, B.A., LINCOLN UNIVERSITY
Ph.D. UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Professor Kyle R. Cave

This study investigates a phenomenon that I have termed occlusion inhibition.
This research and a small number of earlier studies suggest that, in some experimental
conditions, when an attended (target) object is partially occluded by a distractor object,
there is less attention allocated to the occluded region of the target object than to the
visible parts of that object. In the literature, there are mixed results concerning this
attentional effect. Some studies find it and others do not. This study investigates the
differences between those conflicting studies with the goal of identifying the factor or
factors that govern when occlusion inhibition occurs. Evidence is presented to rule out a
number of potentially relevant factors such as depth perception, figural complexity, set
size, the use of real world vs. abstract geometric objects, the position of occlusion, the
number of overlaps in the display, and the adoption of the attend-object paradigm over
the spatial cueing paradigm. After all these factors are ruled out, Experiments 3 and 4
provide evidence for a factor that does determine whether occlusion inhibition occurs or
vi

not. These two experiments differ only in the fact that participants are required to report
the border color of the target object in Experiment 3 and not in Experiment 4. This task
was designed to ensure that participants fully attend to the target object. Occlusion
inhibition occurs when the target color is reported, but not when no target color report is
required. Removing the target reporting task was found to be an effective means of
turning occlusion inhibition on and off. The results of these experiments suggest that, if
occlusion inhibition is to take place, attentional selection of overlapping figures requires
the target object to be fully processed. This conclusion in turn suggests that attention does
not automatically exclude the irrelevant portions of occluded objects, but that attention
selects the entire location of the object and then, through reiterative feedback
mechanisms, fine tunes the information to inhibit areas that do not belong to the object.
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CHAPTER I
BACKGROUND AND SIGNIFICANCE
Theories on Attentional Selection
Every day we are bombarded with a host of visual stimuli projected onto our
retinas. The visual system, however, is limited in its ability to process all of this
information - making selection necessary. From as early as the late 1950s researchers
have been investigating how we select certain visual stimuli for further visual processing
or attention when there are yet so many stimuli to choose from. The visual attention
system is complex in this regard, but the most popular theories have been location-based
selection, object-based selection, feature-based selection, or a combined mechanism of
these three.
Theories of location-based selection assert that it is the object’s spatial loci that
are used as the primary criterion in choosing which information to select. Early
researchers of selective visual attention likened attention to a spotlight that
metaphorically illuminated the information to be selected for more complete processing
(Posner, Snyder, & Davidson, 1980). The spotlight could move from location to location,
but only information that fell within the beam was attended. This model came with
limitations that, over time, led to modifications. The gradient model was a modification
to the basic spotlight with a weaker level of processing allocated to information that did
not fall in the center of the spotlight (Downing & Pinker, 1985) while the zoom lens
model (Eriksen & St. James, 1986) allowed the spotlight to be adjusted in size.
There is at least one outcome that can be expected in a design in which location
based attention is employed. Posner, Snyder & Davidson (1980), who proposed the
1

original spotlight theory, investigated what benefits might come from having
foreknowledge of a stimulus’ location. They used a cueing paradigm, which has become
a popular technique for eliciting attention to a particular location or object. In cueing
studies, researchers typically draw the participant’s attention via an exogenous cue such
as the spontaneous onset of a stimulus or change in luminosity, or via an endogenous cue
such as a symbol at one location telling the participant to pay attention to some other
location in the display. In addition, the cue can vary in its level of validity. For selective
attention studies, this is a common experimental manipulation that indicates how much
the participant can rely on the cue to direct attention to the target location. In this classic
study, they presented the participants with a display of five LED lights arranged in a
single row. The participants were cued by a number (1-5) representing the most likely
LED to light up and were instructed to respond as quickly as possible once the light was
detected. This study, like many more that came later, showed that participants were faster
to respond to the object at the cued location, and performance decreased as the actual
LED that lit up was farther and farther away from the cued location. This could be due to
the time cost in “moving the spotlight”, or “adjusting the zoom lens”, or because attention
is weaker farther from the fovea as described in the gradient model. In this and other
studies that show location based attention, knowledge of the stimulus’ location before it
appears improves efficiency in detecting the stimulus (Eriksen & Hoffman, 1974;
Bashinski & Bachrach, 1980; Downing & Pinker, 1985).
Theories of object-based attention suggest that the entire object is selected as a
unit. Rather than provide evidence for a purely object-based mechanism, most objectbased attention studies are designed to show that a pure location-based argument for
2

attentional selection is insufficient for explaining all object selection. For example, an
early study by John Duncan (1984) provides evidence for the relevance of object-based
selection. In this study, Duncan used a stimulus display containing two overlapping
objects. (See Figure 1.) Each object had two defining characteristics. The first object was

Figure 1. Sample stimulus from Duncan (1984). Depicts the condition where the line is dashed
and slanted to the right and the box is tall and has the opening on the right side.

a rectangle that varied in size with an opening either on the right or the left and the
second object was a line that was dotted or dashed and was slanted either to the left or to
the right. Because the overlapping objects were in approximately the same location,
Duncan assumed that location-based attention would be difficult to use for selecting one
object versus the other. The task required participants to make one judgment about each
object or two judgments about one object. The results of the study show that two
judgments concerning the same object can be made with less difficulty than two
judgments concerning different objects. Duncan reports that when one characteristic
from each object must be reported, attention must shift from one object to the other,
producing a cost in performance.
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Inhibition of return studies also provide evidence for object-based attention.
Inhibition of return generally refers to the phenomenon whereby there is inhibition of
attention to a visual stimulus appearing at a previously cued location. This effect typically
does not occur unless the timing between the cue onset and the probe offset is more than
300ms (Posner & Cohen, 1984). Inhibition of return can also be object-driven. For
example, Tipper and colleagues (1991) presented three objects on the display and, via
flickering, cued one object. The three objects then moved about the display and 500 to
842 msec later a probe appeared superimposed on one of the three objects. They found
that participants were slower to report the probe appearing on the previously cued object.
This effect was not dependent on the cued location as was the case in location-based
inhibition of return.
Lastly, negative priming studies also show the limitations of a purely locationbased mechanism. In negative priming, subjects are slower to respond to targets that were
previously regarded as distractors (Tipper,2001). These targets that were once distractors
do not appear in the same location from trial to trial. Therefore it is not the location being
inhibited, but the object. In summary, object-based inhibition of return and negative
priming are good examples of the limitation of location-based attention theories because,
in these studies, the object is inhibited regardless of its spatial location.
In contrast to location-based and object-based selection, theories of feature-based
attentional selection suggest that all information matching the feature criteria will be
selected regardless of location or object boundaries. Treue & Trujillo (1999) demonstrate
spatially independent feature-based attention with a study in which macaque monkeys
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viewed random dot patterns. Random dot patterns are commonly used to excite motionsensitive cortical neurons. Typically one pattern display is presented to each visual
hemifield. The dots may blink at a certain rate to achieve the perception that they are
moving in a specific direction. It is always necessary to view two displays in order to be
able to perceive the pattern of motion. In this study, one pattern is presented within the
confines of the receptive field of a neuron in the mediotemporal visual area and the other
is placed in the opposite visual hemifield. They keep the locations of the two RDPs
constant, but manipulate the direction of movement between the two so that in some
conditions, both patterns are moving in the same direction and in some conditions they
are not. The results show increased neuronal response to the group of RDPs in the
opposite visual hemifield when they are moving in the same direction as the group of
RDPs inside the receptive field. This shows enhanced processing of stimuli that share the
target feature throughout the visual field. The idea that a feature is selected independently
of location is referred to as the feature gain model and is supported by various other
studies (Moore & Egeth,1998; Saenz et al., 2002; Saenz et al., 2003).
Nonetheless, recent research suggests that these modes of selection coexist and
interact. For example, the interaction between location-based and object-based attentional
selection has been the topic of numerous investigations. The study by Egly, Driver, &
Rafal (1994) is commonly cited to support the presence of both object-based and
location-based attention. They tested both normal subjects and patients with parietal lobe
damage using a spatial cueing task. As demonstrated by Posner, Snyder, & Davidson
(1980), spatial cueing tasks show that allocation of attention is greatest at the cued
location. Their stimulus display consisted of two rectangles lying parallel to each other in
5

either the vertical or the horizontal position. (See Figure 2.) They were arranged so that
the distance between the two ends of one object was equal to the distance between the
end of one object and the directly adjacent end of the other object. This factor of equal

Figure 2. Sample stimulus display from Egly, Driver, and Rafal
(1994).
distance was important for this design because studies (Downing & Pinker, 1985) show
that the allocation of attention should be weaker the farther away the target appeared
from the cued location. The Egly, Driver, and Rafal (1994) study was split into valid
trials and invalid trials. In invalid trials, the target did not appear in the cued location. The
target either appeared at the uncued end of the same object or the equidistant adjacent end
of the second object. Their results well demonstrate both object-based and location-based
attentional selection. The results suggest that attentional selection favored location-based
attention because the fastest reaction times were at the cued location, but there was a
modulation of this selection process by an object-based mechanism causing the end
within the boundaries of the cued object to have the next fastest reaction times compared
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with the end of the noncued object regardless of the equality of distance. These results are
typical of a study employing both location-based and object-based attention.
The current research uses partially overlapping objects to evoke the interaction
between location-based and object-based selective attention. Overlapping objects are
ideal for this task for similar reasons as expressed for Duncan (1984). This research
demonstrates how location-based selection is modified by the inhibition of non-target
object regions.
The Neural Basis of Attentional Selection
The interaction between these different modes of attentional selection is very
important for understanding the neural basis of attentional selection. The neural basis of
attentional selection is a difficult topic to confront because there still is not a well
developed explanation for how the selected information is distributed through the visual
system. In general, there are two main pathways for visual processing. The dorsal
pathway, which spans from the primary visual cortex (V1 and V2) to the parietal lobe, is
known to process information about the locations of objects, along with characteristics
related to location such as motion. The ventral pathway, which spans from the primary
visual cortex (V1 and V2) to the temporal lobe, processes information about object form,
along with other characteristics like color. This general way of summarizing the
organization of the visual system does not explain how information between the two
pathways is combined to form our cohesive visual perceptions. It is not well understood
how and where the information between these two pathways is communicated to one
another.
7

Despite this uncertainty, there is a plausible general account of the integration of
these different types of visual information offered by the theory of reentrant processing.
This theory asserts that there are not only feedforward projections in the visual pathways,
but also feedback projections. (See Di Lollo et al.,2000, for a review.) In general, this
theory suggests that when overlapping stimuli are presented in the visual field, some low
level information about the stimuli’s locations and forms are processed in areas V1 and
V2 of the brain. This information is passed on to higher levels of visual processing in the
temporal and parietal lobes. Feedback connections then send information back to the
lower level areas with more fine-tuned information about where the objects overlap and
which portions belong to each object. Occlusion Inhibition could depend on how the
target object is processed and represented at the higher levels. The occlusion inhibition
effect may only occur once information has been processed in the higher visual areas and
returned via feedback connections to lower level visual areas providing information about
what parts of the display do not belong to the target object.
This account suggests that information between the visual pathways converges
and is shared in the early visual areas of V1 and V2. However, there are also a large
number of connections between the pathways at higher levels. Therefore, feedback is
likely to be taking place at several junctions along the visual pathways. It is not yet
possible to pinpoint at what stages this transfer of information between the pathways
must occur. Answers to these questions can help to explain representation of overlapping
figures, just as behavioral studies with overlapping objects help to provide insights to the
interaction of location and object information.
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Studies on the Visual Processing of Overlapping Objects
For over a decade visual researchers have been investigating attention to
overlapping objects. Understanding the perception of stimuli that are overlapping or
partially occluded carries practical importance because occlusion is a condition that
constantly presents itself in everyday tasks as simple as recognizing the remote sticking
out from underneath the sofa or tasks as complex as maneuvering an automobile or
aircraft. Many studies of overlapping objects seek to understand how attention operates
when presented with occluding objects. Researchers want to know if attentional effects
common to nonoverlapping objects still persist and they also want to understand the role
attention plays in object parsing.
Moore, Yantis, & Vaughn (1998) investigated whether attentional effects
common to non-overlapping objects still persist when the objects are occluded by a
distractor. They replicated the study of Egly, Driver, and Rafal (1994), which was one of
the earliest studies to demonstrate the interaction between object-based and locationbased attention. The key difference is that Moore, Yantis, and Vaughn (1998) use a third
rectangle that partially occludes the other two (See Figure 3). In this stimulus array, two

Figure 3. Sample Stimulus from Moore, Yantis, & Vaughn (1998).
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noncontiguous regions are perceived as belong to the same object, even though there are
contours and distance separating them. If attention in the Egly, Driver, and Rafal (1994 )
task simply spreads from the cued location until it meets a boundary, then it should not
spread across the occlusion. Moore, Yantis, and Vaughn replicated Egly, Driver, and
Rafal’s object-based attention effect, however, showing that the attentional system can
define an object even when part of it is occluded.
For another example, consider multiple object tracking (MOT) studies, which use
a display of moving targets that are amongst and look identical to their moving
distractors. In these studies, participants will see a display of several identical items. A
subset of these items will begin flashing to indicate that they are the target objects.
Participants are asked to follow these items as they move around the display in a random
pattern. Shortly thereafter (times vary), the items will stop moving and participants are
asked to identify the target objects. Studies of multiple object tracking in the absence of
occlusion show that participants attend to the target objects as individual entities and are
able to identify the targets versus the distractors with fairly good accuracy. Flombaum et
al. (2008) added two occluding bars to the traditional MOT display. In this study the
objects would move about the display passing under the occluding bars. (See Figure 4.)
They show that in the case of multiple object tracking with occlusion, objects can be
tracked about as effectively as they can without occlusion. Furthermore, the object-based
attention given to the target objects persists even when the object is found behind an
occluding surface.
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Figure 4. Sample stimulus display from Flombaum et al. (2008). (A) The targets are
identified. (B) All objects move around the display – some passing under the
occluder (C) The objects stop moving so that the participant can identify the targets.
The current project addresses the topic of how attention is allocated to occluded
objects, but there are other studies that also address this subject. These earlier studies
specifically investigate what is actually occurring at the overlapping or partially occluded
region. There are very few studies addressing this question, but it is true that in some
cases the occluded region of partially occluded target objects receives less attention than
when the target object is unoccluded. However, this effect, which I have termed
occlusion inhibition, appears to be sensitive to the nature of the task being performed. In
1997, Davis and Driver used variation in binocular disparity to create the perception that
one object was occluded or unoccluded by others. (See Figure 5.) Manipulating binocular
disparity creates the illusion that one object is in front of the other. In areas where the two
objects overlap, the visual system works to “fill in” the missing information. In this study
they measured how well participants were able to ignore the distractor probes appearing
on flanking vertical bars (distractors) which appeared to be either partially occluding or
occluded by an oval. The target probe was located on the oval (target). In the condition in
which the bars occluded the oval, the distractors appeared to be on the bars, and because
they were on different objects from the target, participants were much better at ignoring
11

A

B

Figure 5. Sample stimulus from Davis & Driver (1997). (A) Shows the perceptually
occluded condition with the target shape in back. Arrows indicate the possible target
probe locations and the distractor probe locations. (B) Shows the perceptually
unoccluded condition.
them. In the condition in which the oval was unoccluded, the distractors appeared to be
on the oval along with the target, and they interfered more with the response to the target.
In one of the most relevant studies of attention to occluded objects, Haimson &
Behrmann (2001) used simple abstract figures (that they referred to as hockey sticks)
which overlapped in four different parafoveal locations. (See Figure 6.) A white
rectangle, which represented the
spatial cue, would appear on the
end of one of the hockey sticks.
The spatial cue could only appear
on the short end of the hockey
stick. It indicated which stick the
visual probe would appear on for
45% of the trials. The cued

Figure 6. Sample stimulus from Haimson &
Behrmann (2001) .

hockey stick would vary in
whether it was partially occluded or unoccluded. The visual probe, which was a black
12

dot, appeared shortly thereafter. It could appear at an area of overlap or nonoverlap and
on either the cued object or an uncued object. The participants were to press a button on a
button box as soon as they detected the probe. The response time was used as an indicator
of the strength of attention at that particular location. Haimson & Behrmann (2001)
concluded that there is no significant difference in the allocation of attention to the
occluded region versus any other region on the target object. In this study, they did not
observe an occlusion inhibition effect.
Cave and Wake (2001) used line drawings of real world object figures (tools,
animals, vehicles, etc.) that overlapped in only one region at the center of fixation. (See
Figure 7.) In contrast to the study by Haimson & Behrmann (2001), participants were

verbally instructed to attend to the front object or to attend to the back object. Rather than
receiving a spatial cue like the white rectangle used in Haimson & Behrmann (2001),
participants were asked to discriminate the attended (target) object from the distractor
object and report its name. The participants were shown a figure like the one in Figure 7.

13

Five randomly selected letter probes would appear on the two superimposed objects.
There was always one letter at the center overlapping region and four other letters
flanking on the sides in equal distance from the center. The task required the participants
to report three letters they remembered seeing and to identify the target object. Accuracy
in the probe discrimination task was used to measure the allocation of attention. The
results showed significantly more attention to the target than the distractor object. More
importantly, there was less attention allocated to the overlapping regions when the target
was occluded compared to when the target appeared in front and was unoccluded. In this
unpublished study, they did observe occlusion inhibition.
A later study by Moore and Fulton (2005) used a stimulus display with 2 vertical
bars flanking a central bar that pivoted to occlude the ends of the 2 flanking bars. (See
Figure 8.) They used a paradigm similar to that of Egly, Driver, and Rafal (1994): an
informative spatial cue appeared briefly on the end of one the flanking bars. At the time
of the cue, the uncued end of the target object was occluded by the center bar. After the
cue had passed, the center bar pivoted to the vertical position and then either returned to
its original position (partially occluding the target object) or glided behind the previously
occluded region. In this study, the researchers only found object-based cueing benefits in
the occluder removed condition. This means that when the cued object became occluded
occluder returned), attention did not spread to the portion of the object being occluded as
effectively as it did in the condition whereby the cued object became unoccluded
(occluder removed). This result demonstrates occlusion inhibition.

14

Figure 8. Sample stimulus display from Moore & Fulton
(2005).
These four studies (Davis & Driver, 1997; Haimson & Behrmann, 2001; Cave
& Wake, 2001; Moore & Fulton, 2005) are important to the motivation of the current
research. Haimson & Behrmann (2001) and Moore & Fulton (2005) both assert that
Davis & Driver (1997) find occlusion inhibition because they use strong depth cues
implemented through the use of binocular disparity, and that Haimson and Behrmann
find no occlusion inhibition because they lack the strong cues. Likewise, the occlusion
inhibition in Moore and Fulton’s study can be attributed to the strong sense of depth
arising from their use of accretion and deletion as the occluder moves in front of the
occluded object. However, this explanation has not been tested, and the series of
experiments represented by the current research show that the strength of depth cues is
not linked to the presence of occlusion inhibition. It also investigates other potentially

15

relevant factors, and demonstrates a plausible explanation for why some studies show
occlusion inhibition and others do not.
Motivation for the Current Study
The current study investigates the allocation of attention at the actual region of
overlap. As mentioned above, the occlusion inhibition effect appears to be sensitive to the
nature of the stimuli and the task being performed. Some studies observe occlusion
inhibition and others do not. This study investigates a series of factors that may govern
the occlusion inhibition effect – making this research a useful resource to all researchers
studying attention to overlapping objects. In addition, this study will provide more insight
on how attention is allocated to occluded objects.

16

CHAPTER II
REPLICATION OF HAIMSON & BEHRMANN (2001)
Experiment 1: Validating the Results of Haimson & Behrmann (2001)
Although, Haimson & Behrmann (2001) is the only study in which this unique
effect of object parsing has not been found, it has never been replicated. Therefore, the
first experiment was designed to be very similar to Haimson & Behrmann (2001). Only a
few changes were made, to not only test the reliability of their result, but also the
flexibility of their design.
Methodology
Participants
There were 47 participants (31 female, 16 male) recruited from the undergraduate
student body at the University of Massachusetts Amherst. All participants had normal or
corrected to normal vision according to self-report and all received academic credit for
their participation. No participant took part in more than one of the experiments of this
study.
Apparatus
Stimuli were presented on a 19-inch NEC MultiSync FE990 monitor controlled
by a Macintosh G4 computer. Throughout the testing, participants kept their chin on a
chin-rest located 57 cm away from the monitor. Participants made their responses by
pressing a button on a Superlab button box with no restrictions as to which hand they
should use.

17

Stimulus
Each display consisted of four overlapping “V”- shaped figures surrounding a
black fixation cross (0.5 x 0.5 degrees of visual angle (dva)) on a dark green background.
(See Figure 9.) The two arms of the “V” were each 7 dva in length and met at an angle.

Figure 9. Sample stimulus display for Experiment 1. Demonstrates the display
sequence from presentation of the shapes to presentation of the dot probe.

Each one of the arms intersected the arm of the “V”- shaped object adjacent to it at about
4.5 dva from the ends of the arms. The four “V”- shaped objects were positioned with the
vertex of each object pointing toward the central fixation cross. At every point where the
two arms of the object crossed, the object in back was partially occluded by the object in
front. The entire display subtended the area of 16 x 16 dva. Each pair of intersecting “V”shaped objects consisted of one object colored baby blue with a teal outline and one
object colored purple with a lavender outline. The color scheme alternated so that no two
objects of the same color were overlapping one another. During cueing, there was a white
rectangular spatial cue that covered an area of 2 x 1 dva at the end of the arm. This spatial
cue indicated which object would be the target object, and thus the most likely location
for the subsequent appearance of the black dot probe, which measured 0.5 dva in
18

diameter. The probe could appear in any of twelve locations. On valid trials, the probe
appeared in the same location that had been previously cued. On invalid trials, the probe
could appear at any of the other 11 locations indicated in Figure 10. The main differences

Figure 10. Possible invalid probe locations for Experiment 1 relative to the cued
location. In the actual display, the locations were not shown as numbers .
between this stimulus and the original Haimson & Behrmann (2001) stimulus were that
the stimulus in the current experiment used a different color scheme, the dot probe was
present for only 35 msec to achieve a more precise attentional measure, and the two arms
of each “V” were of equal length. Because each stimulus shape was a symmetrical “V”
rather than the asymmetrical hockey stick shape used by Haimson & Behrmann (2001),
twice as many locations (8 versus 4) could be cued. Haimson & Behrmann (2001) only
cued the four short ends of the hockey sticks, but in the current experiment both ends of
each object could be cued.
Design and Procedure
Each trial began with the fixation cross. Participants were told to focus on the
fixation cross at the center of the monitor and that they would see four overlapping Vshaped objects. The fixation cross was present for 706 msec before the shapes appeared
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and remained centered on the display for the entire trial. The shapes were present for
1000 msec before the cue appeared. The shapes remained visible while the cue appeared
for 106 msec and was followed by the black dot probe which appeared for 35 msec. In
fact, the shapes remained on the display until a response was made or 1500 msec had
passed. Participants were also informed of the relevance of the spatial cue and that they
should respond as quickly as possible to the dot probe without compromising accuracy.
During catch trials, in which a dot probe did not appear, participants were instructed not
to make any response. An incorrect response was indicated by a brief error tone. In
addition, the time from cue onset to probe offset was only 188 msec to prevent eye
movements. There was a block of 13 practice trials that participants could repeat as many
times as needed. There were also 28 programmed opportunities to take a break and the
entire experiment required 45 minutes to an hour to complete.
This experiment employed a within-subjects design with three factors: cue
validity (valid or invalid), object (within-object or between), and target occlusion
(occluded or unoccluded). Unlike the Haimson & Behrmann (2001) design, the display
presented in the current experiment was symmetrical. This eliminated the need for the
additional factor of orientation as well as the need for multiple blocks of trials. This
experiment had only one block of 708 trials (156 catch; 288 valid; 264 invalid).
Results
The average percentage of correct responses on catch trials was 85%. Eight
participants were excluded from analysis because they responded incorrectly to more
than 25% of the catch trials, indicating that they were responding without first detecting
the probe. This left 39 participants to be included in the next steps for analysis. The
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average percentage of correct response on catch trials for these individuals was 90%.
Catch trials were excluded from further analysis. Then, comparisons were made to
determine if there were significant validity effects, if there were within-object benefits,
and if there was a significant difference in cued visual attention when the target object
was partially occluded versus unoccluded.
Effects of Cued Visual Attention
Validity Effects. To determine whether this experiment yielded any effects of
validity, median RT to the probe occurring at the cued position was compared with the
median RT to the seven probes located on the end of each arm. (See Figure 11.) Each

Figure 11. Involved probe locations for the analysis of validity effects in Experiment 1.
Depicts the seven probe locations that were compared to the cued probe location in the
analysis of validity effects in Experiment 1.

participant's RTs were sorted by occlusion and validity and then submitted to a two – way
repeated measures ANOVA. The results showed that there is only a significant main
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effect of cue validity such that the RT for the valid location (298.6 msec) was faster than
that of the seven invalid locations (313.5 msec) (F (1,38)=27.77, p<.001 ).
Within – Object Benefits. To determine whether this experiment yielded any
within object benefits, median RT to the probe location on the cued object near the cue
(probe location 1 on Figure 10) was compared to the median RT to the probe location on
the uncued object near the cue (probe location 2 on Figure 10). RTs were submitted to a
two-way repeated measures ANOVA with target occlusion (occluded, unoccluded) and
object (within object, between) as factors. The results only showed a main effect of
object (F (1, 38) =36.21, p <.001). This indicates that there is an object–based cuing benefit
because participants were faster to respond to the invalid probe location on the target
object (288.6 msec) than the invalid probe location that was approximately equidistant to
the cue on the non-target object (309.6 msec). A separate analysis showed a similar
benefit for the cued object by comparing probe positions 5 and 9 (Figure 10), which are
farther from the cue (303.5 msec and 309.5 msec, respectively) (F(1,38)= 4.40, p<.05).
The effect is less prominent when comparing the far-from-cue positions 5 and 9. This is
likely due to attention generally being weaker farther from the cue. In this experiment,
there is no incentive for the participants to process the whole object – as is the case in the
Cave & Wake (2001) study.
Effects of Occlusion Inhibition
To determine if there is a significant difference in RT to the overlapping region
when the target object is partially occluded versus unoccluded, the median RT for probe
position 4 in the occluded condition was compared with probe position 4 in the
unoccluded condition. (See Figure 12.) The results of a one-way repeated measures
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ANOVA indicate no significant difference in the occluded (M=293.6 msec) versus
unoccluded conditions (291.3 msec) (F (1, 38) =.349, p>.05). This shows that in this
experiment there is no significant effect of occlusion inhibition.

Figure 12. Probe positions for unoccluded and occluded condition. Numbers were
not on the actual display.
Discussion
These findings support the results of Haimson & Behrmann (2001) showing that
validity effects and within-object benefits are not affected by occlusion. This experiment
also shows the reliability of their study and the flexibility of their design. Using different
colors, shape forms, and probe exposure times did not alter the outcome of the results.
Now that this study has been replicated, it can be used confidently as a comparison in this
investigation for understanding occlusion inhibition.
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CHAPTER III
FACTORS THAT DO NOT AFFECT OCCLUSION INHIBITION
Experiment 2: Investigating the Role of Figural Complexity
Recall that the Cave and Wake (2001) study used real world object drawings with
lined details to fill the individual objects. These stimuli are very different from those in
other relevant studies (Haimson & Behrmann, 2001; Experiment 1; Davis & Driver,
1997; Moore & Fulton, 2005), which all use abstract geometric-shaped figures that are
only filled with a solid color. This difference makes the overlapping objects used in the
Cave & Wake (2001) study more visually complex than the objects used in the other
studies. This visual complexity could explain why Cave & Wake (2001) shows occlusion
inhibition without 3-D enhancement of depth perception or motion while the stimulus
used in Experiment 1 (and Haimson & Behrmann, 2001) does not. If important
identifying features of the target object are inside its boundaries, then recognition might
only be possible after features belonging to the target object have been separated from
features belonging to the occluding object in front of the target. Perhaps either a strong
depth cue or figural complexity may be sufficient to elicit occlusion inhibition. This
experiment uses a letter discrimination task (similar to the task used by Cave & Wake
(2001)) with complex patterned and simple unpatterned figures to determine if figural
complexity is a factor in governing occlusion inhibition.
Methodology
Participants
60 participants were recruited from the undergraduate student body at the University of
Massachusetts Amherst under the same conditions as Experiment 1. Those participants
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were randomly split into four separate groups: those who viewed only complex patterned
figures and started with the task of reporting the front object (N= 17), those who viewed
only complex patterned figures and started with the task of reporting the back object (N=
15), those who viewed only simple unpatterned figures and started with the front object
(N=15), and those who viewed only simple unpatterned figures and started with the back
object (N= 13).
Apparatus
The apparatus used was the same as described in Experiment 1. However,
participants reported which letter probes were present by pressing the matching letter key
on a Macintosh Pro computer keyboard.
Stimulus
The stimulus display consisted of two partially overlapping abstract geometric
figures, both of which were either patterned or unpatterned. (See Figure 13.) Each object
was approximately 10.2 x 5.1 dva in size. The two shapes that made up each stimulus

B
Figure 13. Sample stimuli from Experiment 2. (A) Complex patterned stimulus (B)
Simple unpatterned stimulus.
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configuration were selected from a set of ten different shapes. Only four of the possible
ten shapes were symmetrical. The distractor object and target object always overlapped in
one location in the center. There were five different patterns and each was designed with
two to three colors. Each pattern only occurred in two of the ten different shapes. Unpatterned abstract geometric figures were drawn with black lines on a white background.
For this experiment, as in Cave & Wake (2001), letter probes were used to measure
attention. In this experiment, the letter probes were black instead of red. The letter probe
appearing at the center position was smaller than the four peripheral probes to control for
any foveal benefit. In the condition in which the figure was patterned, the letter probes
appeared on white squares that were slightly larger than the letter probes to compensate
for any difficulties in seeing the letter probes against a patterned background. The target
response display consisted of a white background with smaller versions of the 10 possible
objects. Each object was shown twice, once horizontally and once vertically, and each
had a letter next to it. (See Figure 14.)

Figure 14. Target Response Display
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Design and Procedure
All participants performed two blocks of 80 trials. Half the participants were
randomly selected to report the front object of each stimulus pair in the first block and to
report the back object in the second block. The order of blocks was reversed for the other
half. This balancing of the order between subjects was to control for practice effects.
Within each of these groups, half the participants viewed only complex stimuli
throughout the entire experiment, and half viewed only simple objects. At the beginning
of the first block, participants were given both verbal and written instruction about
whether they should attend to the front object or back object. At the beginning of the
second block, a message appearing on the monitor display instructed the participant to
attend to the other object. Each trial began with a fixation cross that appeared for 70 msec
and then disappeared as the shapes appeared. The shapes were displayed for 153 msec.
Then, while the shapes remained on the display, the five black letter probes appeared for
35 msec on both the target and distractor figures in spatial layout similar to that used by
Cave and Wake (2001). The shapes disappeared along with the letter probes, and the
computer prompted the participant to enter four of the five letters present. Accuracy in
reporting the letter probes was used as a measure of the allocation of attention to the
probed locations. After the letter probes were reported, the participants received feedback
from the computer about which letters they reported correctly. Then, the primary target
response display appeared and remained on the screen until the participant identified the
target object by selecting the letter that corresponded with the correct figure on the
primary target response display. The participant heard an error tone if they did not report
the correct object. The primary task was designed to ensure that the participants attended
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to the entire target object. In addition, since each pattern occurred in two different shapes,
participants could not use the pattern alone to discriminate the target shape. Although the
identity of the target object was reported after the letter probes, participants were told that
reporting the target identity was the primary task, and that reporting the letter probes was
secondary.
For each block of trials, there were 10 practice trials that participants could repeat
as many times as needed. The entire experiment required 45 minutes to an hour to
complete.
Results
The average percentage of correct responses for the primary task was 58.3. The
accuracy for reporting the center probe was analyzed separately from the peripheral
probes. The peripheral analysis was designed to determine whether participants attended
to the target object more than the distractor object. If they did, then they should be better
at reporting letter probes on the target object. The center analysis will tell whether there
was an occlusion inhibition effect. This analysis includes comparisons to determine if
there was significant evidence of occlusion inhibition and whether the effect of occlusion
inhibition was dependent on figural complexity.
Peripheral Analysis
For this analysis, the within subjects factors were target occlusion (occluded,
unoccluded) and letter probe position (on front object (OFO), on back object (OBO)).
The between subject factors were order (attend front first, attend back first) and
complexity (complex, simple). There was a significant main effect of complexity
(F(1,56)=6.95, p<.05) indicating that participants were better at reporting letter probes in
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the simple unpatterned condition (M = .53 ) compared with the complex patterned
condition (M= .45). Although significant, the difference was small (M= .08), and
probably reflected the added difficulty in perceiving letters when surrounded by texture.
There also was a significant main effect of probe position (F(1,56)=26.52, p<.001)
indicating that participants were generally better at reporting letter probes on the front
object (M=.52 ) than those on the back object (M=.45). This analysis also produced a
number of significant interactions. There was an interaction between occlusion and probe
position (F(1,56) = 283.48, p<.001) showing that participants were more accurate reporting
letter probes on the attended target object than those on the unattended object. (See
Figure 15.) This result indicates that the primary task was effective in drawing attention
to the target object.

Figure 15. Mean accuracies for the significant interaction between
occlusion and probe position.
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There was also a significant interaction between occlusion and order (F(1,56)= 7.51,
p<.05), demonstrating that participants improved with practice. (See Figure 16.)

Figure 16. Mean accuracies for the significant interaction between occlusion
and order.
Participants that started with the target-occluded block were better by the time they
performed the target-unoccluded block and vice versa. This result was expected and is the
reason for the counterbalancing of order across subjects. In addition, a significant
interaction was found between probe position and order (F(1,56) = 5.43, p<.05). (See
Figure 17.) The higher accuracy for the front object is even higher for participants who
attended to the back object first. Perhaps this occurs because participants use attention
better in the second block of trials than in the first. Therefore, if participants attend to the
back object first, they are less able to ignore the front object in the first block of trials. If
they attend to the front object first, then by the time they perform the second block they
can ignore the front object very effectively.
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Figure 17. Mean accuracies for the significant interaction between probe
position and order.
A significant interaction was also found between probe position and complexity
(F(1,56) = 7.97, p<.05) indicating that the higher accuracy found for objects in front occurs
mainly for simple unpatterned stimuli and is very weak for complex patterned stimuli.
(See Figure 18.)

Figure 18. Mean accuracies for the significant interaction between
probe position and complexity.
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Lastly, there was a three-way interaction between occlusion, probe position, and
complexity (F(1,56) = 5.85, p<.05). This interaction simply shows that the effect of
attention is greater with simple than with complex figures. (See Figure 19.)

Figure 19 (to the right). Mean
accuracies for the three-way
interaction between occlusion,
probe position, and complexity.
The simple condition is
represented in the top graph. The
complex condition is represented
in the bottom graph.

Center Analysis
The within subjects factor for this analysis was target occlusion (occluded,
unoccluded) and the between subjects factors were complexity (complex, simple) and
order (attend front first, attend back first). There was a significant main effect of
occlusion (F(1,56)=111.01, p<.001) showing that participants were more accurate in
reporting the center letter probe when the target object was unoccluded (M=.75) versus
occluded (M=.52). This result is an indicator of occlusion inhibition. There was also a
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significant interaction between occlusion and order (F(1,56)= 7.88, p<.05) demonstrating
that participants improved with practice. (See Figure 20.)

Figure 20. Mean accuracies for the interaction between occlusion and order.
There was also a significant interaction between occlusion and complexity
(F(1,56)=6.85, p<.05), showing that the occluder inhibition was somewhat stronger with
simple unpatterned objects than with complex patterned objects. (See Figure 21.)

Figure 21. Mean accuracies for the interaction between occlusion
and complexity.
33

Thus, there is consistency across the peripheral analysis and the central analysis in
that the simple unpatterned shapes produce both stronger attention to the target object and
stronger occluder inhibition when part of that attended object is occluded. There were no
other significant main effects or interactions.
Discussion
The results of this experiment demonstrate that occlusion inhibition is observed
with both simple and complex stimuli. Therefore, the presence of occluder inhibition in
Cave & Wake (2001) and its absence in the other studies cannot be attributed to the use
of complex figures. There must be some other reason besides the strength of the depth
cue or the complexity of the figure that contributes to the occlusion inhibition effect. In
addition, this experiment uses abstract geometric figures instead of real world object
figures, yet occlusion inhibition is still observed. This finding rules out the difference in
these two types of stimuli as a potential factor in governing the occlusion inhibition
effect. These results demonstrate that the use of occlusion inhibition is not determined
solely by depth perception, or the difference between complex and simple stimuli, or the
difference between real world and abstract geometric figures.
Experiment 3: Investigating the Role of Set Size
The number of objects in each display (set size) varies between the different
research studies that show occlusion inhibition. Recall that both Davis & Driver (1997)
and Moore & Fulton (2005) have three objects. Both Cave & Wake (2001) and
Experiment 2 have two objects. The studies that do not show occlusion inhibition
(Haimson & Behrmann, 2001 and Experiment 1) have 4 objects. Comparing these studies
suggests that occlusion inhibition may not be observed whenever 4 or more objects are
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present. Perhaps the visual system is only able to work out the depth relationships among
a small number of objects. This experiment determines whether set size may be a factor
in eliciting occlusion inhibition. If this experiment shows that occlusion inhibition is not
observed with displays of 4 or more objects, it will indicate that there may be a
computational cost in factoring the number of objects present to be parsed. The occlusion
inhibition effect may become weaker due to this extra cost in computation.
Methodology
Participants
There were 55 participants recruited from the undergraduate student body at the
University of Massachusetts Amherst under the same conditions as outlined for
Experiments 1 and 2.
Apparatus
The apparatus used was the same as used in Experiment 2.
Stimulus
The stimulus display consisted of two to five lavender V-shaped objects. (See
Figure 22.) Each object appeared in one of nine possible locations along an imaginary

Figure 22. Sample stimulus display from Experiment 3.
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circle around the fixation point in the center. If all nine objects were present, the display
would look similar to the stimulus display in Experiment 1 – but with more objects. In
each display there were always two objects positioned so that their arms overlapped one
another. In addition, the border of each object was either red or blue. The color of the
objects were randomly selected. However,the two overlapping objects would always have
two different border colors. There were also nine letter probes arranged in a circular array
(with a diameter of 11.5 dva) surrounding the centered fixation cross. Each letter was
superimposed on a white circle to make the letters more visible on the green colored
background. The letters were at the nine positions in the display where there could
potentially be overlap between two objects. There was also a white staple-shaped cue that
would appear at one end of the target object to draw attention there. The cue could appear
at either end of the target object, but was always on one of the two overlapping shapes.
Design and Procedure
As in Experiment 2 and the Cave & Wake (2001) study, participants were given
two tasks. They were told that the primary task was to correctly report the border color of
the cued object and that the secondary task was to report four of the nine letters. In any
given trial, a central fixation cross was present for 706 msec followed by onset of the Vshaped objects for 1058 msec. Next, the white staple-shaped cue would appear on the end
of one V-shaped object for 106 msec. 47 msec later, the letter probes appeared for 71
msec followed by the prompt to report four of the nine letters. Once the letters were
selected, the computer prompted the participant to type a response indicating whether the
target object’s border color was red or blue. Participants heard an error tone when they
did not select the correct color.
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The experiment employed a within subjects design with three factors: target
occlusion (occluded, unoccluded), cue distance in relation to the overlapping region
(nearer to, farther from), and set size (two to five objects). The location of the overlap
was randomly selected between trials and the number of objects in the display was
counterbalanced across trials. Each participant completed one block of 288 trials. In
addition, there was a block of 10 practice trials that participants could repeat as many
times as needed. There were also 28 programmed opportunities to take a break. The
entire experiment required 45 minutes to an hour to complete.
Results
Participants correctly reported the border color of the target object 76.1% of the
time. To determine if there was significant evidence of occlusion inhibition and whether
the effect of occlusion inhibition was dependent on set size, separate analyses were
performed for the three probe categories: probes located on the cued object but not at the
area of overlap (cued analysis), probes located on the uncued object but not at the area of
overlap (uncued analysis), and the probe on the area of overlap (overlap analysis).
For all three analyses, there was a significant main effect of set size, indicating
that accuracy generally decreased with more objects in the display. (See Table 1.)
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Analysis Type

Significance Result

Set Size/ Mean
Accuracy

Cued

(F(3, 162) = 9.95, p<.001)

Uncued

(F(3,162)=8.81, p<.001)

Overlap

(F(3, 162)= 26.08, p<.001).

2 objects / .57
3 objects / .54
4objects / .51
5 objects/ .52
2 objects/.38
3 objects/.36
4 objects/ .35
5 objects / .33
2 objects/ .63
3 objects/ .56
4 objects/. 54
5 objects/ .52

Table 1. Mean accuracies and significance results for the main effect of set size
in the cued, uncued, and overlap analyses.

In all three analyses, there was also a significant main effect of cue distance (cued
analysis: (F(1,54)= 173.31, p<.001); uncued analysis:(F(1,54)=126.48, p<.001); overlap
analysis(F(1,54) = 187.32 p<.001)) showing that participants were better at reporting
probes that appeared closer to the cued location. (See Table 2.) However, note that
accuracy for reporting the probe on the cued object not at the area of overlap (cued
analysis) is better in the far condition. This is because the cue appears closer to this probe
position when it is farther from the region of overlap, and is farther from this probe
position when it is closer to the region of overlap.
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Analysis Type

Cue Distance
(mean accuracy)
Far

Near

Cued Analysis

.68

.39

Uncued Analysis

.27

.44

Overlap Analysis

.43

.70

Table 2. Mean accuracies for the main effect of cue distance for the
cued, uncued, and overlap analyses.
For the cued analysis (F(1,54) = 13.19, p=.001) and the overlap analysis
(F(1,54)=11.57, p=.001), there was a significant interaction between occlusion and cue
distance, showing that when the
target object was unoccluded,
participants were better at
reporting probes that appeared
closer to the cued location (See
Figure 23.) Only for the overlap
analysis was there a significant
main effect of occlusion (F(1,54) =
13.80 p<.001) indicating that
participants were less accurate
reporting that probe location
when the cued target object was
partially occluded (M =.55) compared with when the cued target object was unoccluded
(M=.57). This result confirms the presence of occluder inhibition.
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Discussion
Occlusion Inhibition was observed in this experiment. However, this effect was
unrelated to set size. Regardless of the number of objects present (ranging from two to
five), occlusion inhibition was still a significant effect. The number of objects, up to five
at least, does not appear to affect the strength of occlusion inhibition. Set size might still
be a determining factor with groups of six or more objects. A breakdown may begin to
occur with greater numbers of objects present. Set size alone certainly does not explain
the lack of occlusion inhibition in the study by Haimson and Behrmann (2001), which
only had four objects in each display.
Additional Conclusions Derived from Comparisons with Published Studies
With set size and other factors ruled out as determinants of occlusion inhibition,
the relevant studies can be compared more closely to identify other factors that might be
relevant. In comparing all of these studies, one might immediately consider the position
of occlusion or the number of overlaps in the display. Both conditions in Experiment 2
and Cave & Wake (2001) have just one area of occlusion, located at the center foveal
position. However, Moore and Fulton (2005) and Davis & Driver (1997) used more than
one occlusion in each display, and they were away from fixation. In all five cases
occlusion inhibition is observed. Therefore, neither of these two factors is likely to play a
significant role in governing occlusion inhibition. On another note, one might consider
differences between the spatial cueing paradigm and the attend-object paradigm. Both
conditions of Experiment 2 and Cave & Wake (2001) direct attention to the target object
by requesting the participant to attend to the front object or attend to the back object.
These studies find occlusion inhibition. However, Moore and Fulton (2005) used a spatial
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cue as Haimson & Behrmann (2001) did and still find occlusion inhibition. This excludes
the possibility that occlusion inhibition is sensitive to any differences between the spatial
cueing paradigm and the attend-object paradigm.
In summary, the factors that have been found to have no effect on occlusion
inhibition are figural complexity, the use of drawings of real objects vs. abstract
geometric objects, the position of occlusion, the number of overlaps in the display, set
size, and the adoption of the attend-object paradigm over the spatial cueing paradigm.
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CHAPTER IV
EVIDENCE FOR THE OCCLUDED OBJECT PROCESSING THEORY
Experiment 4: Investigating the Role of Object Processing when the Target is Occluded
Occlusion Inhibition has been observed in Cave & Wake (2001), Experiment 2,
and Experiment 3. Each of these experiments includes a primary task to focus attention
on one object and a secondary probe task to measure the allocation of attention. For
example, in Experiment 2 participants were asked to identify the target object AND
report four of five letters. As another example, In Experiment 3 participants were asked
to report the border color of the target object, along with the identities of four of the
letters. Haimson & Behrmann (2001) and Experiment 1 (the replication) do not show
occlusion inhibition and are missing the added task of reporting some characteristic of the
target object. This added task has proved beneficial for ensuring that the target object is
being fully processed. Perhaps occluder inhibition requires the higher level of focused
attention that is produced by the added task. With a lower level of attention, the target
representation may not be as fully elaborated and the visual system may not fully
determine which distractor objects and parts are in front of the target object, and which
are behind it. Experiment 4 was done to investigate this possibility and determine if
adding and removing the target feature reporting task could effectively turn on and off the
occlusion inhibition effect.
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Methodology
Participants
There were 50 participants recruited from the undergraduate student body at the
University of Massachusetts Amherst under the same conditions outlined in Experiment
1.
Apparatus, Stimuli, Design and Procedure
The apparatus, stimuli, design and procedure were identical to Experiment 3
except that in Experiment 4 participants were not required to discriminate the border
color of the target object and thus reported only the probe letters.
Results
Plans for comparisons and analyses were the same as for Experiment 3. Recall
that separate analyses were performed for the three probe categories: probes located on
the cued object but not at the area of overlap (cued analysis), probes located on the
uncued object but not at the area of overlap (uncued analysis), and the probe on the area
of overlap (overlap analysis).
Similarly to Experiment 3, for all three analyses there was a significant main
effect of cue distance (cued analysis: (F (1.49) = 78.91, p<.001); uncued analysis:
(F(1,49)=76.36 , p<.001); overlap analysis; (F (1,49) = 72.76, p<.001)), showing that
participants were better at reporting probes that appeared closer to the cued location. (See
Table 3.)
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Analysis Type

Cue Distance
(mean accuracy)
Far

Near

Cued Analysis

.44

.36

Uncued Analysis

.32

.40

Overlap Analysis

.36

.42

Table 3. Mean accuracies for the main effect of cue distance for the cued,
uncued, and overlap analyses.
To determine if there was a significant difference in target object processing
between Experiments 3 and 4, a combined analysis was done for the cued analysis in
each experiment. The interaction between cue distance and experiment is significant,
showing that the cue distance has a much larger effect when the target color is reported
(F(1,103)= 74.02, p<.001). This indicates that the task of reporting the target color is a
defining difference between these two experiments.
For the cued analysis of Experiment 4, there was a significant main effect of set
size (F(3,147)=3.01, p<.05) which showed that as set size increased, accuracy for reporting
the letter probes increased (two objects: M= .38; three objects :M=.40; four objects:
M=.41; five objects: M= .42). This trend is the exact opposite of what was demonstrated
in Experiment 3 (decrease in accuracy with increase in set size). This result suggests that
participants are processing the display differently when they do not report the target
color. There were no significant main effects of occlusion (cued analysis: (F(1,49)=.03,
p>.05)(M(occluded) =.40, M(unoccluded)=.40); uncued analysis: (F(1,49)= 1.85, p>.05)(M(occluded)
=.37, M(unoccluded) = .36); overlap analysis: (F(1,49)= .00, p>.05)(M(occluded) =.39, M(unoccluded)
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= .39). In addition, there was no significant interaction between occlusion and cue
distance (cued analysis: (F (1.49)= .24,p>.05); uncued analysis: (F(1,49)=2.66,p>.05);
overlap analysis: (F(1,49)=1.41,p>.05)). To determine if there was a significant difference
in occlusion inhibition between Experiments 3 and 4, a combined analysis was done for
the overlap analysis in each experiment. The interaction between occlusion and
experiment is significant, showing that the occlusion inhibition effect is significantly
greater when the target color is reported (F(1,103)= 6.34, p<.05). Collectively, these results
show that the task of reporting the target color does play a major role in eliciting
occlusion inhibition .
Discussion
The results of this experiment confirm the hypothesis that removing the task of
reporting some characteristic of the target object would also remove the occlusion
inhibition effect. The pattern of results also indicates that the target object is no longer
fully processed when the need to report its color is removed. These results lead to the
hypothesis that occluded regions are only inhibited when the target object is processed
fully enough to identify its characteristics. This theory will be referred to below as the
occluded object processing theory.
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CHAPTER V
LIMITATIONS OF THE OCCLUDED OBJECT PROCESSING THEORY
Two Studies Unexplained
The occluded object processing (OOP) theory is thus far the best explanation for
the results presented here, and can also explain why Haimson & Behrmann (2001) did
not find an occlusion inhibition effect. However, there are two studies (Davis & Driver,
1997 and Moore & Fulton, 2005) that have also demonstrated occlusion inhibition, but
are not explained by the OOP theory. These two studies (more thoroughly described in
Chapter 1) do not require participants to report any characteristic of the target object. The
task and experimental design used by Davis and Driver (1997) are very different from the
experiments in the current research. For example, for all of the other research presented
in the current study, the target object is clearly defined. In some cases the target object is
defined by a spatial cue (Experiment 1, Experiment 3, Experiment 4, Haimson &
Behrmann (2001), and Moore & Fulton (2005)). In other cases, the target object is
defined via explicit instruction to attend to a particular object. However, Davis & Driver
(1997) do not actively draw attention to the oval that is affected by the occlusion
manipulation. In addition, the objects used in Davis & Driver (1997) do not actually
occlude one another. They are only perceived to be occluding one another as a result of
manipulating binocular disparity. Lastly, Davis & Driver (1997) implores participants to
ignore the letter probes appearing on the distractor objects, but this is not the case with all
of the other research presented in the current study. With these distinct differences, it is
easy to believe that for Davis & Driver (1997) attention was allocated in a very different
way. However, the Moore & Fulton (2005) study is more comparable to the other studies
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presented here, making it important to explain why the occluded region was inhibited
even though no aspect of the occluded object was reported. One way in which the Moore
& Fulton (2005) study is unique is the presence of motion. It seems plausible that the
motion in this experiment may have drawn attention to the target, just as the task of
reporting a characteristic of the target object required attention to it. The last five
experiments presented below were designed to reconcile the findings presented above
with the results of Moore & Fulton (2005).
A Summary of Attempts to Draw Attention without a Secondary Task
Perhaps occluded regions are inhibited whenever a target object is fully processed
and thoroughly analyzed. This level of attention might occur when some property of the
object must be reported, or when something salient about the object, such as its motion,
draws attention to it. In attempts to draw attention without any aspect of the target being
reported, five additional experiments were completed. The results of these experiments
did not yield any distinguishable pattern to be interpreted. However, they are presented
here to provide a complete picture and some insight for the direction of future studies.
Experiment 5: Using a Letter Discrimination Task to Investigate the Role of Motion
Recall that Moore & Fulton (2005) used a stimulus display that contained a
rotating occluding rectangle. There was not an added task to report some characteristic of
the target object, yet their study demonstrated occlusion inhibition. The current
investigation aimed to determine whether that stimulus motion plays a significant role in
producing occlusion inhibition. The motion may have acted to direct attention to the
target object, just as having a secondary task directed attention to the target in
Experiment 2, Experiment 3, and Cave and Wake (2001). There are studies showing that
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motion can capture attention and guide attention to a target object (Hillstrom & Yantis,
1994; Abrams & Christ, 2003), suggesting that if the target object were in motion, a
significant amount of additional attention would be directed to it compared with other
objects in the display.
Methodology
Participants
There were 33 participants recruited from the general student body at the
University of Massachusetts Amherst under the same conditions as outlined for
Experiments 1 through 4. However, some students received research credit and others
were paid $11.
Apparatus
The apparatus used was the same as used in Experiments 2 through 4.
Stimulus
The stimulus used in these experiments was the same display used in Experiment
3 and 4, except for a few differences. First, this experiment always had four objects in
the display. Second, for this experiment the target object was the only object that had a
different colored border than the other objects. In visual search studies, color singletons
have been found to attract attention (Turatto & Galfano, 2001). Therefore, the target was
made to be a color singleton to assist in directing attention to it. Lastly, in this
experiment, there was no spatial cue aside from the unique color designating the target
object; rather, the target object glided onto the screen in a linear motion path while the
distractors remained stationary. At the end of its motion, the target was in a position
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overlapping one of the other objects in the display. The final display looked very similar
to the stimulus display in Experiments 3 and 4 (See Figure 24.)

Figure 24. Three steps in the movement of the target object in Experiments 5 and 6. In
the experiment the movement appeared to be smooth.

Design and Procedure
Before the experiment, each participant was informed about the gliding object,
but they were not told that the motion would be informative in any way. Each trial started
with a fixation cross. Then three objects appeared on the display. None of these three
objects were overlapping. Then, 212 msec after the three distractors appeared, the fourth
object glided onto the display from the edge of the screen, ending in a position that
overlapped one of the three distractors. On half the trials the moving object was in front
of the distractor, and on the other half it was behind. After the moving object had come to
rest, the nine letter probes appeared and the participant was prompted to report four of the
nine letters. Lastly, participants were given feedback from the computer as to which
letters they reported correctly.
For this experiment, there were two within subject factors; target occlusion
(occluded, unoccluded) and probe type (probes located on the cued object but not at the
area of overlap (cued), probes located on the uncued object but not at the area of overlap
(uncued), and the probe on the area of overlap (overlap)). Probes on the nonoverlapping
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distractor objects or on background locations were not included in the analyses. The data
were run through three separate one-way ANOVAs. The first comparison determined if
there was a difference in attention to cued and uncued probe types when the target was
occluded. The next comparison determined if there was a difference in attention to cued
and uncued probe types when the target was unoccluded. These two analyses indicated
whether the moving target was more fully processed than the object it overlapped with
and whether the moving object was effective in capturing attention. The last comparison
determined whether there was a pattern of occlusion inhibition. If the target object was
not effective in capturing attention, yet the pattern of results indicated that the significant
effects of occlusion are in the right direction, this was only considered a pattern of
occlusion inhibition, and could not be interpreted as evidence that occluded regions of
attended objects are inhibited.
Results and Discussion
Cueing Effects when the Target is Unoccluded . When the target object was unoccluded,
there was a significant difference (F(1,32)=8.02, p<.05) in attention directed to the cued
object compared with the uncued object. Participants were more accurate in reporting the
probe on the cued object (M=36.7) than the uncued object (M=34).
Cueing Effects when the Target is Occluded. There were no significant cueing effects
found when the target object was occluded (F(1,32)= 1.24, p>.05) (cued: M=36.2, uncued:
M= 35)
Patterns of Occlusion Inhibition. There was no significant pattern of occlusion inhibition
(F(1,32)= .155,p>.05) (occluded: M=35, unoccluded: M=34.1).
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The results of this experiment indicate only a weak cueing effect in the target
unoccluded condition and no cueing effect when the target is occluded. In addition, there
was no evidence of occluder inhibition. These results were unexpected. However,
participants may have implemented a strategy that could prevent the target object from
capturing attention. This possibility suggests that motion could still play a significant role
in governing occlusion inhibition.
Experiment 6: Using a Response Time Task to Investigate the Role of Motion
The partial lack of an attention effect in Experiment 5 could be explained by a
specific strategy that participants might have used. The circular array of letters was
presented in the same locations from trial to trial. With this advance knowledge and the
requirement to report only four of the nine letters, participants might choose to focus their
attention in advance on a certain subset of letter locations1. Participants were free to focus
attention in this way because they were not required to report any properties of the
stimulus shapes. Only the probe letters were relevant to the response. Therefore, this
experiment was designed so that participants would not have advance knowledge of the
probes’ locations, preventing them from focusing attention on a sub-region of the
stimulus in advance.

1

Special thanks to Adrian Staub for pointing out this possible account.
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Methodology
Participants
There were 41 participants recruited from the general student body at the
University of Massachusetts Amherst under the same conditions as outlined for
Experiment 5.
Apparatus
The apparatus used was the same as used for Experiment 1.
Stimulus
The stimulus used in this experiments was the same display used in Experiment 5
except for the fact that one black dot probe appeared instead of nine letter probes.
Design and Procedure
The design and procedure was the same as for Experiment 5, except that instead
of the letter discrimination task, a dot probe response time task was employed. After the
moving object had come to a stop, a black dot probe appeared at one of the nine locations
for 35 msec. Participants were to press the button as soon as the dot probe was detected.
If participants pressed the button on a catch trial, they would hear an error tone.

Results and Discussion
Cueing Effects when the Target is Unoccluded. When the target object was unoccluded,
there was a marginally significant difference (F(1,40)= 3.89, p=.056) showing that
participants were about 5 msec faster in reporting the probe on the cued object (cued:
M=253; uncued: M=258.3). This effect of attentional capture is small, hardly significant,
and only effective when the target is unoccluded.
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Cueing Effects when the Target is Occluded . When the target object was occluded, there
was no significant difference in reporting probes on the cued (M= 254.1) versus uncued
(M= 258) object (F(1,40)=1.54, p>.05).
Patterns of Occlusion Inhibition. There was no significant pattern of occlusion inhibition
(F(1,40)=2.82, p>.05) (occluded: M= 265.5, unoccluded: M= 257.5).
Collectively, these results indicate that motion was not effective in capturing
attention and is not likely to be the factor allowing Moore & Fulton (2005) to find
occlusion inhibition.
Experiment 7: Contingent Attentional Capture using Color and Form
Both experiments with moving target objects were unsuccessful in drawing
satisfactory attention to the target so that it could be fully processed. Therefore, this
experiment looked toward other means of eliciting attentional capture. Studies by Folk
and colleagues (Folk et al.,1992; Folk et al.,1994) suggest that a stimulus will capture
attention if and only if the property cueing it as the target is relevant to the task.
However, if the property defining the cue is irrelevant to the response, then attentional
capture should not be expected. Therefore, this experiment used black dots that looked
identical to the black dot probe to create a border for the target object. This new cue was
expected to elicit contingent attentional capture.
Methodology
Participants
There were 14 participants recruited from the undergraduate student body at the
University of Massachusetts Amherst under the same conditions as outlined for
Experiments 1 through 4.
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Apparatus
The apparatus used was the same as for Experiment 6.
Stimulus
The stimulus used in this experiment was the same display used in Experiment 6
except for the fact that there was no moving object. Instead of gliding onto the screen, the
target object appeared on the display at the same time as the other three objects. The
border of the target object turned black with black dots that looked identical to the black
dot probe to create a border for the target object. (See Figure 25.)

Figure 25. Sample stimulus for Experiment 7. Shows the black dot border.

Design and Procedure
The design and procedure was the same as for Experiment 6 except the target
object did not glide onto the screen. Instead, the target object appeared on the display at
the same time as the other three objects. In this experiment, a fixation cross appeared
first. Then the four objects appeared (two overlapping one another) for a total of 1057
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msec before the border of the target object changed. The border of the target object
turned black and a black dot appeared at each angle of the target object. Then the border
returned to its original appearance. This transition took 106 msec. Then the black dot
probe appeared for 35 msec and participants pressed a button as soon as they detected it.
If participants responded on a catch trial they heard an error tone.
Results and Discussion
Cueing Effects when the Target is Unoccluded. When the target object was unoccluded,
there was a significant difference between probe responses on the cued and uncued
objects (F(1,13)=19.65,p=.001) of approximately 38 msec. However, this difference was
not in the expected direction: participants were slower to respond to the probe on the
cued object (M=348.7) than the uncued object (M=310.9). A participant reported that she
had difficulty seeing the dot probe and had difficulty resisting the urge to respond
whenever she saw the black cue dots appear. As a result of this confusion between cue
dots and the probe dot, this experiment was discontinued. The inhibition of the target
object may have been due to the cue dots being so similar to the dot probe and presented
in such a short time frame, causing masking of the probe dot when it appeared on the
cued object near the other dots.
Cueing Effects when the Target is Occluded. The results showed that when the target
object was partially occluded, there was a marginally significant difference in response
time for the probe on the cued object (M= 351.3) compared with the uncued (M= 327)
object (F(1,13)=3.58,p=.08). This marginally significant effect was also not in the expected
direction.
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Patterns of Occlusion Inhibition. There was no significant pattern of occlusion inhibition
(F(1,13)=2.41, p>.05) (occluded: M= 350.1, unoccluded: M=336).
Experiment 8: Contingent Attentional Capture using Color only
To alleviate the masking issues found with Experiment 7, this experiment did not
use the dot border to cue the target object – instead, the border of the target object only
turned black and then back to its original color.
Methodology
Participants
There were 25 participants recruited from the undergraduate student body at the
University of Massachusetts Amherst under the same conditions as outlined for
Experiments 1 through 4 and Experiment 7.
Apparatus
The apparatus used was the same as for Experiments 1, 6, and 7.
Stimulus
The stimulus used in this experiment was the same display used in Experiment 7
except for the fact that the target object was only cued by the change in border color, and
not by black dots appearing at its corners.

Results and Discussion
Cueing Effects when the Target is Unoccluded. When the target object was unoccluded
there was a significant difference (F(1,24)= 12.46, p<.05). However, cueing effects in this
condition were in the unexpected direction. Participants were about 16 msec faster for
reporting the probe on the uncued object (cued: M=288.7; uncued: M=272.3).
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Cueing Effects when the Target is Occluded. When the target was partially occluded,
there was no significant difference in response time for reporting the probe on the cued
object (M=287.8) compared with the uncued (M= 282.7) object (F(1,24)=.60, p>.05).
Patterns of Occlusion Inhibition. There was a significant pattern of occlusion inhibition
(F(1,24)= 18.16, p<.001). Participants were faster to report letter probes at the overlap
position when the target object was on unoccluded ( M=283.0) rather than occluded
(M=299.8). However, it is difficult to interpret this effect if the target object is not
attended relative to the distractor objects.
This is but another experiment in which consistent effects of contingent capture
have not been found. In fact, three participants reported that they did not notice the
border turn black, even though they were informed that the border would change color
before the experiment began.
Experiment 9: Adjusting the Saliency of the Entire Stimulus Display
In Experiment 8, some participants reported difficulty in detecting the change of
border colors. Therefore in this experiment, the black border was made thicker. All of the
colors of the objects were made slightly brighter and the room lights were dimmed. This
was an effort to make the entire display more salient, so that the border changing to black
would be consistently noticed. Each participant was questioned about their difficulty
viewing the different changes in the display. No participant reported difficulty in
detecting the color change.
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Methodology
Participants
There were 25 participants recruited from the undergraduate student body at the
University of Massachusetts Amherst under the same conditions as outlined for
Experiments 1 through 4 and Experiment 7 and 8.
Apparatus
The apparatus used was the same as for Experiment 8.
Stimulus
The stimulus used in this experiment was the same display used in Experiment 8
except for the fact that the black border was slightly thicker and the colors of all of the
objects were made slightly brighter.
Design and Procedure
The design and procedure was the same as for Experiment 8.
Results and Discussion
Cueing Effects when the Target is Unoccluded. When the target object was unoccluded,
there was a significant difference (F(1,24)= 9.67, p<.05). However, the effect was in the
unexpected direction: participants were 13 msec slower for reporting the probe on the
cued object (cued: M=267.0; uncued: M=254.0).
Cueing Effects when the Target is Occluded. When the target was partially occluded there
was a marginally significant difference in response time for reporting the probe on the
cued object (M= 271.9) compared with the uncued (M=261.1) object (F(1,24)=3.23,
p=.09). This effect was also in the unexpected direction.
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Patterns of Occlusion Inhibition. There was no significant pattern of occlusion inhibition
(F(1,24)=.04, p>.05) (occluded; M= 276, unoccluded: M=277.1).
Summary of Experiments 5-9
The results of these five experiments are not consistent with one another. They
either do not show attention directed to the target object or show an inhibition effect. It is
still unknown how Moore and Fulton (2005) were able to show occlusion inhibition
without asking participants to report a second characteristic of the target object, but one
possibility that has not yet been explored is whether response time tasks may differ in
unexpected ways from letter discrimination tasks. Experiment 5 may have not yielded the
expected results because participants used a strategy that allowed them to plan which
letters to report in advance. However, Haimson & Behrmann (2001), Experiment 1, and
Experiments 6 through 9 all use a probe response time task and do not find an occlusion
inhibition effect. Most of the studies that use a letter discrimination task (Cave & Wake
,2001, Experiment 2,and Experiment 3) have found occlusion inhibition. This excludes
Experiment 4 that uses a letter discrimination task but does not require participants to
discriminate any characteristic of the target object. It seems unlikely that there should be
a difference in these two paradigms, partly because Kim and Cave (1995) found similar
effects when using these two different probe methods in a visual search task.
Nonetheless, it is possible that the two tasks are affected by attention in different ways.
Perhaps the letter discrimination probe task is a more sensitive measure and is able to
detect a weak occlusion inhibition effect that arises when participants do not make a
discrimination about the target object.

59

CHAPTER VI
GENERAL DISCUSSION
The current study compared the findings of Davis & Driver (1997), Cave & Wake
(2001), Haimson & Behrmann (2001), and Moore & Fulton (2005) and investigated a
series of factors that were believed to play a significant role in governing occlusion
inhibition. Prior to this study, Haimson & Behrmann (2001) and Moore & Fulton (2005)
assumed that 3-D depth perception via stereopsis or object motion was necessary for
occlusion inhibition. However, the experiments presented here ruled out this assumption
because occlusion inhibition has been demonstrated with 2-D static monocular displays.
In addition to ruling out 3-D depth perception and motion as requirements, the current
study also showed that neither figural complexity, the use of real world vs. abstract
geometric objects, the position of occlusion, the number of overlaps in the display, set
size, or the adoption of the attend object paradigm over the spatial cueing paradigm are
factors sufficient for governing occlusion inhibition.
Nonetheless, the research here does indicate that the target object needs to be fully
processed in order for occlusion inhibition to occur. All of the studies (Cave & Wake,
2001; Experiment 2 and Experiment 3) in which there was the added task of reporting a
property of the target have elicited occlusion inhibition. Experiment 4 shows that when
this report is not required, the target object is not fully processed. Recall, that Experiment
3 and 4 were identical in stimulus, design, and procedure except that in Experiment 4
participants did not have the added task of reporting the border color of the target object.
Because all other factors were held constant between these two experiments and because
occlusion inhibition is found in Experiment 3 but not Experiment 4, it is apparent that the

60

target object needs to be fully processed for occlusion inhibition to take place. The
Occluded Object Processing Theory provides a plausible explanation for the current
research.
However, after several attempts to have the target object fully processed in single
task experiments, there is still no sound explanation for the occurrence of occlusion
inhibition in Moore & Fulton’s (2005) study without any report of a target property. It
could be that Experiments 5 through 9 failed to direct attention to the target, or it could be
that there is another unidentified factor that is sufficient for eliciting occlusion inhibition.
The difference between response time tasks and letter discrimination tasks could be a
governing factor that has not yet been investigated. Recall that response time tasks
require participants to make a speeded response to the detection of visual stimulus (dot
probe). A letter discrimination task requires participants to accurately discriminate a
briefly presented letter probe, with no time pressure on the response. The results above
(excluding Experiments 6 through 9) generally show that when a pure response time task
is employed, occlusion inhibition does not occur (Haimson & Behrmann (2001) and
Experiment 1). On the other hand, when a pure letter discrimination task is employed,
occlusion inhibition does occur (Cave & Wake, 2001; Experiment 2; Experiment 3, but
excluding Experiments 4 and 5). Moore & Fulton (2005) and Davis & Driver (1997)
employ a combined response time-letter discrimination task. They require participants to
make a speeded response to the correct letter. Perhaps, if Experiment 3 were changed to
implement a response time task instead of a letter discrimination task, occlusion
inhibition could be effectively turned off. This result would suggest that the letter
discrimination component of the Moore & Fulton (2005) and Davis & Driver (1997) task
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may be a more sensitive attentional measure, which allows it to play a unique role in
detecting a weak occlusion inhibition effect that arises when participants do not make a
discrimination about the target object.
For the processing of overlapping objects, occlusion inhibition is an efficient
means for the visual system to process information. When attending to a partially
occluded object, the area that is occluded is of less importance, and because part of
another object is visible in this region, it may interfere with the identification of the target
object. Occlusion inhibition may serve to limit this interference, so that only features
from the target object are used in object recognition. However, since the research
presented here suggests that occlusion inhibition requires the target object to be fully
processed (by reporting some characteristic of the target object or possibly the
employment of a letter discrimination task), attention may not automatically exclude the
occluded portions of target objects. Instead, perhaps attention first selects the entire
location of the object. This is a plausible assumption because the current study finds that
occlusion inhibition is found in experiments that show the visible portions of the target
object have been attended. Then perhaps, through reiterative feedback mechanisms
between higher levels (inferior temporal and perhaps parietal) and lower levels (areas V1
and V2) of the visual system, that information is fine tuned to inhibit areas that do not
belong to the object. This idea could be tested in a brain imaging study by comparing
brain activation patterns when participants are doing an experiment like Experiment 3,
which finds occlusion inhibition, against an experiment like Experiment 4 that does not
find occlusion inhibition.

62

BIBLIOGRAPHY
Abrams, R.A., & Christ, S.E.(2003). Motion onset captures attention. Psychological
Science, 14(5), 427-432.
Bashinski, H. & Bachrach, V. (1980). Enhancement of perceptual sensitivity as the result
of selectivity attending to special locations. Perception and Psychophysics, 28,
241-248.
Cave, K.R., & Wake,D. Attending to locations of superimposed visual objects.
Psychonomic Society Annual Meeting, Orlando,Fl..November, 2001.
Davis, G., & Driver, J.(1997). Spreading of Visual Attention across Modally versus
Amodally Completed Surfaces. Psychological Sciences,8, 275-281.
Di Lollo, V., Enns,J.T., & Rensink, R.A. (2000). Competition for Consciousness Among
Visual Events: The Psychophysics of Reentrant Visual Processes. Journal of
Experimental Psychology: General,129(4), 481-507.
Downing, C.J. & Pinker, S. (1985). The spatial structure of visual attention. In M.I.
Posner & O.S.M. Marin (Eds.), Attention and Performance XI (pp.171-187).
Hillsdale, N.J.: Erlbaum.
Duncan, J. (1984). Selective attention and the organization of visual information. Journal
of Experimental Psychology: General, 4,501-517.
Egly, R., Driver, J., & Rafal, R. (1994). Shifting visual attention between objects and
locations: Evidence from normal and parietal lesion subjects. Journal of
Experimental Psychology: General, 123, 161-177.
Eriksen, C.W., & Hoffman, J.E. (1974). Selective Attention: Noise suppression or signal
enhancement? Bulletin of the Psychonomic Society, 4, 587-589.
Flombaum, J.I., Scholl, B.J., & Pylshyn, Z.W. (2008). Attentional Resources in Visual
Tracking Through Occlusion: The High - Beams Effect.Cognition, 107, 904-931.
Folk, C.L., Remington, R.W., & Johnston, J.C.(1992). Involuntary Covert Orienting is
Contingent on Attentional Control Settings. Journal of Experimental
Psychology:HPP, 18, 1030-1044.

63

Folk, C.L., Remington, R.W., & Wright,J.H. (1994). The structure of Attentional Control
: Contingent Attentional Capture by Apparent Motion, Abrupt Onset, and
Color.Journal of Experimental Psychology:HPP, 20(2), 317-329.
Haimson, C., & Behrmann, M. (2001). Cued visual attention does not distinguish
between occluded and occluding objects. Psychonomic Bulletin & Review, 8(3),
496-503.
Hillstrom, A.P., & Yantis, S.(1994). Visual Motion and Attentional Capture. Perception
& Psychophysics, 55(4), 399-411.
Kim, M. & Cave, K.R. (1995). Spatial Attention in Visual Search for Features and
Feature Conjunctions. Psychological Science,6(6), 376-380.
Moore, C.M., & Fulton, C. (2005). The spread of attention to hidden portions of occluded
surfaces. Psychonomic Bulletin & Review, 12 (2), 301-306.
Moore, C.M., Yantis, S., & Vaughan, B.(1998). Object-based Visual Selection: Evidence
from Perceptual Completion.Psychological Science, 9, 104-110.
Posner, M.I., Snyder, C.R.R., & Davidson, B.J. (1980). Attention and the detection of
signals. Journal of Experimental Psychology: General, 109, 160-174.
Eriksen, C.W. & St. James, J.D.(1986). Visual Attention Within and Around the Field of
Visual Attention: A Zoom Lens Model. Perception and Psychophysics, 40(4),
225-240.
Moore, C.M. & Egeth, H. (1998). How does feature-based attention affect visual
processing? Journal of Experimental Psychology: Human Perception &
Performance, 24(4), 1296-1310.
Posner, M.I., & Cohen, Y. (1984). Components of Visual Orienting. In H. Bouma & D.G.
Bouwhuis (Eds.), Attention & Performance Vol 10 (pp. 531-554). Hillsdale, NJ:
Erlbaum.
Saenz,M., Buraco, G.T., and Boyton, G.M. (2002). Global Effects of Feature-Based
Attention in Human Visual Cortex. Nature Neuroscience, 5(7), 631-632.
Saenz,M., Buraco, G,T., and Boyton,G.M. (2003). Global Feature-based Attention for
Motion and Color.Vision Resarch,43, 629-637.
Tipper, S.P. (2001). Does negative priming reflect inhibitory mechanisms? A review of
conflicting views. Quarterly Journal of Experimental Psychology, 54A, 321-343.
64

Tipper, S.P., Driver, J., & Weaver, B. (1991). Object-centered inhibition of return of
visual attention. Quarterly Journal of Experimental Psychology: HEP, 43A, 289298.
Treue, S. & Trujillo, J.C. (1999). Feature Based Attention Influences Motion Processing
Gain in Macaque Visual Cortex. Nature,399, 575-579.
Turatto, M. & Galfano, G.(2001). Attentional Capture by Color without any Relevant
Attentional Set. Perception & Psychophysics, 63(2), 286-297.

65

